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Abstract 
$VVHVVPHQW RI ORQJWHUP VWDELOLW\ RI LQMHFWHG &2 IRU JHRORJLFDO VWRUDJH UHTXLUHV D FHUWDLQ OHYHO RI G\QDPLF
PRGHOOLQJ LQFOXGLQJJHRFKHPLFDOPRGHOOLQJRI IOXLGURFN LQWHUDFWLRQV WULJJHUHGE\ WKH LQMHFWHG&2 LQJHRORJLFDO
IRUPDWLRQV2QH RI WKH NH\ RXWFRPHV RI D JHRFKHPLFDO VLPXODWLRQ LV WKH SUHGLFWHG SRURVLW\ FKDQJHV'HFUHDVLQJ








VXFK DV DTXLIHUJDV ILHOG JHRJUDSKLF ORFDWLRQ JHRFKHPLFDO UHDFWLRQSDWKV VDOLQLW\ WHPSHUDWXUH GLVWLQFW SDWWHUQV
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7KHPDLQFRQFOXVLRQLVWKDWWKHSRURVLW\LVOLNHO\WREHUHGXFHGLI&2LVPLQHUDOLVHG7KLVVKRXOGEHFRQVLGHUHGD
UXOHRIWKXPE([FHSWLRQVDUHSRVVLEOHLQ WKHGDWDVHWXVHGLQWKLVSDSHURXWRIFDVHVDQGWKHH[FHSWLRQZDV
FDXVHG E\ ODUJH GHQVLW\ GLIIHUHQFHV EHWZHHQ GLVVROYHG DQG SUHFLSLWDWHGPLQHUDOV )RU QHZJHRFKHPLFDO5HDFWLYH











PRGHOOLQJ FKRLFHV DQG DVVXPSWLRQV DQG ODUJH XQFHUWDLQWLHV LQ YDULRXV LQSXW SDUDPHWHUV VXFK DVPLQHUDO YROXPH
IUDFWLRQVPLQHUDOVROXELOLWLHVDQGNLQHWLFUDWHSDUDPHWHUVIRUGLVVROXWLRQDQGRUSUHFLSLWDWLRQ7KLVLVHYHQPRUHVR
WKH FDVH LI WKH JHRFKHPLFDO PRGHO LV FRXSOHG WR IOXLG IORZ LH 5HDFWLYH 7UDQVSRUW 0RGHOOLQJ ZKLFK LV RIWHQ
QHHGHG IRU PRUH GHWDLOHG VWRUDJH VLWH DVVHVVPHQWV RU IRU PRGHOOLQJ LQ WKH FRQWH[W RI FRQIRUPDQFHFRQWDLQPHQW
PRQLWRULQJ WRHQVXUH ORQJ WHUP LQWHJULW\RI WKH&2VWRUDJHVLWH'XH WR LWVFRPSOH[LW\ WKHPRGHOOLQJ LVSURQH WR
HUURUVDQGWKHPRGHOUHVXOWVDUHQRWDOZD\VHDV\WRXQGHUVWDQG7KHUHIRUHWKHUHLVDQHHGIRUVLPSOHPHWKRGVWKDW
FDQEHXVHGIRU4XDOLW\&RQWURORIWKHPRGHOOLQJUHVXOWV,QWKLVSDSHUDIRUPDOLVPWRGRVRLVGHYHORSHGLQVHFWLRQ





   σ ܯ௦ǡ௜ ȉ ο݊௦ǡ௜୧ െ σ ܯ௝  ȉ ο ௝݊୨ ൌ Ͳ 

,Q WKLV HTXDWLRQUXQV RYHU DOO PLQHUDOV WKH RQHV LQLWLDOO\ SUHVHQW SOXV DQ\ QHZ SUHFLSLWDWHVUXQV RYHU DOO
SULPDU\ FRPSRQHQWVLQFOXGLQJ+2 DQG&2 UHVLGLQJ LQ WKH IOXLGV LH DTXHRXV DQGRU JDV SKDVHVୱǡ୧LV WKH
PRODUPDVVRIPLQHUDOWKHVXEVFULSWµ¶VWDQGVIRUVROLG୨LVWKHPRODUPDVVRISULPDU\FRPSRQHQWοୱǡ୧LVWKH














© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
 Jeroen Snippe et al. /  Energy Procedia  63 ( 2014 )  2861 – 2869 2863
,WLVXVHIXOWRGLYLGHWKHPLQHUDOVLQWKUHHVHWV
x 0LQHUDOVHWܣQHWGLVVROYLQJPLQHUDOVNetGLVVROYLQJ LVGHILQHGDVο݊௦ǡ௜ ൏ Ͳ7KLVPD\ LQFOXGHPLQHUDOV
WKDWSHUKDSVDUHILUVWGLVVROYLQJDQGWKHQSUHFLSLWDWLQJRUWKHRWKHUZD\DURXQGDVORQJDVWKHFXPXODWLYH
FKDQJHLVQHJDWLYH
x 0LQHUDOVHWܤQHWSUHFLSLWDWLQJPLQHUDOVNetSUHFLSLWDWLQJLVGHILQHGDVο݊௦ǡ௜ ൐ Ͳ
x 0LQHUDOVHWܥQHWXQUHDFWLYHPLQHUDOVNetXQUHDFWLYHLVGHILQHGDVο݊௦ǡ௜ ൌ Ͳ
0RUHRYHU LW LVFRQYHQLHQW WRZULWHୱǡ୧LQ WHUPVRIPLQHUDOGHQVLW\ ɏ୧DQGPLQHUDOPRODUYROXPH ୧ DQG WR
GHILQH WRWDO YROXPH FKDQJH WRWDO PDVV FKDQJH DQG DYHUDJH PLQHUDO GHQVLW\ IRU WKH QHW GLVVROYLQJ DQG QHW
SUHFLSLWDWLQJPLQHUDOVDVIROORZV
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6XEVFULSW$LVIRUDOOGLVVROYLQJPLQHUDOV%SUHFLSLWDWLQJPLQHUDOV1RWHWKDWLQ6,XQLWVο୅DQGο୆KDYHXQLW
Pο୅ DQGο୆ KDYH XQLW NJοୱǡ୧ KDV XQLW PRO୧ KDV XQLW PPRO DQGɏ୅ ɏ୆ DQGɏ୧ KDYH XQLW NJP %\
GHILQLWLRQο୅DQGο୅DUHSRVLWLYHRU]HURGXHWRWKHPLQXVVLJQVLQHTXDWLRQVDQG$OVRQRWHWKDWο୅
PD\EHVPDOOHUWKDQWKHLQLWLDODPRXQWRIQHWGLVVROYLQJPLQHUDOVZKLFKLVGHILQHGDV୅ ൌ σ ୧ ȉ ୱǡ୧୧א୅ ZKHUHୱǡ୧






























 ൌ ୱǡ଴ ൅଴ZKHUHୱǡ଴LVWKHLQLWLDO
WRWDO PLQHUDO YROXPH ୱǡ଴ ൌ σ ୧ ȉ ୱǡ୧୒୧ୀଵ  DQG଴LV WKH LQLWLDO IOXLG YROXPH %\ GHILQLWLRQ RI SRURVLW\଴ ൌɔ଴ ȉ

ZLWKɔ଴EHLQJWKHLQLWLDOSRURVLW\
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6XEVWLWXWLRQRIHTXDWLRQLQWRHTXDWLRQOHDGVWRWKHILQDOUHVXOW
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)RU WKH UHPDLQGHU RI WKLV SDSHU WKH LQWHUSUHWDWLRQ RIοGRHV QRW UHDOO\PDWWHU 7KH UHDVRQ LV WKDW LQ WKH FDVH








 0RQWPLUDO QDWXUDO DQDORJXH )UDQFH >  @ .$O6L2 .)HOGVSDU&2+2&Dĺ.
6L2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2+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
 9HUW OH *UDQG ILHOG QDWXUDO DQDORJXH )UDQFH > @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 &2  +2 ĺ &D&2
FDOFLWH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2+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








 .DSXQL JDV ILHOG QDWXUDO DQDORJXH 1HZ =HDODQG >@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x 7KHVXPRI WKHFRQWULEXWLRQVIURPPLQHUDOLVHG&2PLQHUDOLVHG+2DQGGHQVLW\FKDQJH LVDYHU\JRRG
SUHGLFWRU IRU WKH WRWDO SRURVLW\ FKDQJH VKRZLQJ DJDLQ WKDW WKH SVHXGRVDOLQLW\ FRUUHFWLRQ LV
PLQRU>)LJI@
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)LJK VKRZV WKDW WKH FURVVSORW EHWZHHQ DYHUDJH PLQHUDO GHQVLW\ RI QHW GLVVROYLQJ DQG QHW SUHFLSLWDWLQJ








)RU 4XDOLW\ &RQWURO RI 5HDFWLYH 7UDQVSRUW 0RGHOOLQJ VWXGLHV RQH FDQ FKRRVH WKH µVHOHFWHG URFN YROXPH¶ DV
GHVLUHGHJWKHHQWLUHPRGHORUHYHQDVLQJOHFHOO+RZHYHULIWKHVHOHFWHGURFNYROXPHLVYHU\VPDOOHJVLQJOH
FHOO WKHQ LWPD\ KDSSHQ WKDW WKH SVHXGRVDOLQLW\ FRQWULEXWLRQ FKDQJH EHFRPHV WKH GRPLQDQW FRQWULEXWRU WR WKH
WRWDOSRURVLW\FKDQJHGXH WR VWURQJ ORFDODTXHRXV WUDQVSRUW HIIHFWV HJ OHDFKLQJ)RU VXFKFDVHV FRPSDULVRQ WR
)LJLVQRWYHU\PHDQLQJIXO+RZHYHUIRUUHJLRQVZLWKORZZDWHUPRELOLW\LQSDUWLFXODUZLWKLQPRVWRIWKHJDV




WRWDO SRURVLW\ FKDQJH LV ZULWWHQ DV WKH VXP RI IRXU GLVWLQFW FRQWULEXWLRQV &2 GHPLQHUDOLVDWLRQ +2 GH
PLQHUDOLVDWLRQ SVHXGRVDOLQLW\FKDQJHDQGDYHUDJHPLQHUDOGHQVLW\FKDQJH7KHERRNNHHSLQJZDVDSSOLHG WRD
QXPEHU RI SURMHFW H[DPSOHV DQG UHDFWLRQV GHULYHG IURP QDWXUDO DQDORJXH VWXGLHV UHVXOWLQJ LQ D VHULHV RI FURVV
FRUUHODWLRQVEHWZHHQWRWDOSRURVLW\FKDQJHDQGLWVIRXUFRQWULEXWRUV
7KHPDLQ FRQFOXVLRQ LV WKDW WKHSRURVLW\ FKDQJH LV OLQHDU LQ WKH DPRXQWRIPLQHUDOLVHG&2 DOEHLWZLWK VRPH
VFDWWHUGXHWRWKHHIIHFWRIWKHRWKHUWKUHHFRQWULEXWRUV)LJJ7KHFRUUHODWLRQFRHIILFLHQWGHULYHGE\DOLQHDUILW
WR WKH FDVH H[DPSOHV LV YHU\ FORVH WR WKH RQH SUHGLFWHG LQ WKLV SDSHU HT  7KH FRUUHODWLRQ FRHIILFLHQW LV
QHJDWLYH ZKLFK LV LQWXLWLYH EHFDXVH &2 PLQHUDOLVDWLRQ OHDGV WR PLQHUDO PDVV LQFUHDVH DQG WKHUHIRUH DOO RWKHU
WKLQJVEHLQJWKHVDPHPLQHUDOYROXPHLQFUHDVH)URP)LJJWKHUXOHRIWKXPEHPHUJHVWKDWWKHSRURVLW\FKDQJH
LVOLNHO\WREHQHJDWLYHLI&2LVPLQHUDOLVHG7KHRQO\H[FHSWLRQWRWKLVUXOHRIWKXPELQWKHDERYHFDVHH[DPSOHVLV
WKH ODXPRQWLWH UHDFWLRQ REVHUYHG LQ WKH2WZD\ QDWXUDO DQDORJXH FDVH ,Q WKLV FDVH WKH UHDVRQ WKDW WKH UXOH RI






DQDO\VLV DQG WKH JHQHUDO WUHQGV )LJ SURYLGH DQ LPSRUWDQW WRRO WR XQGHUVWDQG DQG FKHFN WKH SRURVLW\ FKDQJHV
UHSRUWHGE\WKHVLPXODWRU)RUQHZJHRFKHPLFDO5HDFWLYH7UDQVSRUW0RGHOOLQJVWXGLHVLWLVDGYLVDEOHWRFKHFNKRZ
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